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TOM TAT
Bai bdo dé xuét bo diéu khiéu PID cho UAV loai Quadrotor trong mit phing thang
dimg va on dinh. Bo diéu khién PID su dung trong hé théng nham 6n dinh do cao va
gbc quay cho UAV. M6 hinh duoc xay dung trong mdi truong Matlab simulink. Két qua
mo phong cho thiy b diéu khién co tinh thich nghi cao gitip UAV mo rong kha ning
hoat dong.

Tiwr khéa: UAV, PID, Quadrotor.

ABSTRACT

This paper proposes a PID controller for a Quadrotor-type UAV in a stable and
vertical plane. The PID controller is used in the system to stabilize the altitude and rotation
angle for the UAV. The model is built in the Matlab simulink environment. Simulation
results show that the controller is highly adaptive to help the UAV expand its operational

capabilities.
Keywords: UAV, PID, Quadrotor
1. M6 déu

UAV la thiét bj bay c6 nhimg vu diém
rat noi troi vé mit kinh té, ing dung rong
rai trong linh vuc nghién ctru va dan dung,
cong nghi€p va nong nghi¢p,... Cac ung
dung ciia UAV dang rat hta hen trong
nhitng nim gan day[1]. Quadrotor nhu mot
nén tang thu nghi€ém cho cac thuat toan
diéu khién khac nhau thu hat nhiing nguoi
nghién ctru k¥ thuat diéu khién. Trén thé
gidi rat nhiéu nghién ctru dang dién ra trén
quadrotor dé dat duge kha nang linh dong
va di chuyén nhu mong mudn trong khi str
dung cac thuét toan diéu khién khac nhau

Nham dap tng van dé diéu khién n6i chung
va hé diéu khién[2-5]. Cac mach diéu khién
logic, cac bo diéu khién kinh dién PID, cac
hé théng diéu khién tich hop va diéu khién
hién dai (diéu khién mo, diéu khién noron,
diéu khién thich nghi,...) dd va dang duoc
mg dung rong rdi va mang lai nhiéu két
qua thiét thuc[6]. Bo diéu khién PID 1a mot
trong nhimg k¥ thuat diéu khién duoc sir
dung rong rii trong cong nghiép dé gitr cho
hé théng hoat dong dung yéu cAu, chinh
xéc trong cac diéu kién thay ddi. Cho dén
hién tai xu huéng khong ngimg cai tién cac
hé thong sir dung PID[7].
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2. M6 hinh héa hé thong
2.1 Cac goc Euler

Céc goc duge quay theo quy tic tay
phai xung quanh ba truc toa d0 ciia mot
hé truc thuan dugc dinh nghia 1a cac goc
Euler. Cac gbéc quay khong phai la dai
luong vector, do d6 chung khong thoa man
tinh chat giao hoan. Boi vay, tht ty tién
hanh céc phép quay la rat quan trong. Ta
quy udc thue hién cac phép quay theo trinh
tu sau dé dua hé truc gan voi may bay trung
v61 hé Trai bit:

- O,x,Y 47, quay mot goc roll
] (—% <6< g) xung quanh tryc O x;

- Quay mot goce pitch
Y (—m <y < m) xung quanh truc Oy;

- Quay mdt goc yaw ( xung quanh truc
O,z va trung v6i O X,y z,

Earth-fixed
reference frame Iz 4
0

Hinh 1: Quy uéc phuong chiéu UAV

el Yo

Quadrotor 1a mo6 hinh may bay khong
nguoi 1ai véi 4 dong co duge gin canh
quat bd tri déu nhau tai 4 goc nhu Hinh
1. Trong d6 x, y, z 1a toa d§ trong tam cuia
quadrotor so v&i khung toa do gdc. Roll,
Pitch va Yaw 1a goc quay Euler biéu dién
hudng cua vat thé 1an luot duoc ki hiéu 1a
b, Ova y, va Ql, Q2, Q3, Q4 lan luot 1a
tin hiéu toc d6 cua canh quat trudc, phai,
sau, trai.
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2.2 M6 hinh dong hoc
. Ui . . .
= ?(coswsmecos-t + sinysin ¢)
L —Up . .
j= ?(sm wsin B cos ¢ — coswysing)
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i=g—;1(msacos¢) (1)
7 I, —1I l
. ¥y zz
=———-qr+—U
L
. Izz B Ix.x l
G=——"pr+-—U;
Ly Lyy
. Uy
L

Trong d6 m la khéi luong UAV, g
gia téc trong truong, Ul tong luc cua
cac motor, U2, U3, U4 moment géc Roll,
Pitch, Yaw. Ixx, lyy, 1zz moment quén
tinh theo truc X, Y, Z, q, p, r van toe gbc
theo truc X, Y, Z.

3. Xay dung hé diéu khién
3.1 M6 hinh diéu khién PID

Bo PID kinh dién c6 cu trac nhu sau:

u(s) = Kp.e(s) + Ki=e(s) +
Kg.s.e(s) @)

Trong d6 e la sai I¢ch gitra tin hi€u vao
va tin higu ra, u 1a tin hi¢u diéu khién, K ,
K., K, 1an luot 1a cac hé s cua khau khuéch
dai, khau tich phan va khau vi phan .

Dé kiém soat d6 cao va van toe goc clia
quadrotor, bo diéu khién 13y tin hiéu dau
vao la sy thay d6i giita zd, roll ¢d, pitch 6d
va yaw yd mong mudn va céc gia tri thuc
té 7, ¢, 0 vay. Bo diéu khién do cao va van
tdc goc bao gdm bo diéu khién PID vi tri va
PID gbc quay hé thong dugc thiét ké theo
so dd hinh 2.
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VI TRI »| PID PID XUNG PWM
XYZ VI TRI I:G(’)c QUAY [ | DONGCO
CAMBIEN | | MOHINH
UAV

Hinh 2: So d6 khéi bé diéu khién PID cho UAV

B6 diéu khién PID duoc xay dung trén may tinh st dung phan mém Matlab véi moi
truong Simulink.

Out1 PWM1
OUT 11— In1
1M1
QOut2 P PWM2 OUT1 =
Input X, Y, Z In2 OMEGA-I [ OMEGA-I-PVA
Out3 —— | PWM3 ouT2 P IN2
3 5 - Quadrotor System Display
PID Controller Motor S i
Calculator
OUT1 IN1
OuT2 IN2
Sensor

Hinh 3: So d6 mé phdng dugc thiét Iap trong simulink

»IN1 outt _@
out1
: out 1 P IN 1 Ll IN 2
N N3 out2—p( 2 )
IN 1
» out2
out 2 P{IN2 OUT pf i 1 OUTH P{IN4
- OUT 22— IN5 out3 _@
2 N2 » out3
IN 2 out 3 » N3 IN20UT 3 P IN 6
— PID Attitude ~ P{IN7 out4
PID Position Transition . e
Invesion
D,
IN3
Hinh 4: So dé diéu khién PID du'oc thiét Idp trong simulink
3.2 Chon thong so PID diéu khién t6i wu dugc dua ra trong bang

Bo quatac dongnhiéu cuia cac cambién, 1 nhu sau:
sir dung Simulink dé moé phong cho UAV
trong trudng hop li tuong véi bo didu
khién PID. Sau nhiéu lan tht, cac théng sb

Bang 1: Bang thong s gia tri PID cac
b6 diéu khién
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Théng sb K/ K, K, Tham s Gia tri Don vi
z 5.88 | 0.001 5.05 m 1,4 Kg
X 0.3 0.015 0.31 1 0,56 m
Y 0.3 0.015 0.31 | . 0,05 Kg.m?
Roll 45 0 0.02 I, 0,05 Kg.m?
Pitch 45 0 0.02 ZZ 0,24 Kg.m?
Yaw 0.8 0.01 0.1 g 9,81 m.s?
4. Mo phéng Khao sat hé thong diéu khién quadrotor

Pé tién hanh mo phong v6i mot sd
truong hop bay dién hinh khi khong xét dén
anh huéng ctia nhiéu bén ngoai. Str dung
phan mém Matlab Simulink dé mé phong
bai toan chuyén dong. Cac truong hop mo
phong duoc trinh bay sir dung thong sb k§
thudt nhu bang 2:

Bang 2: Thong s6 k¥ thuat UAV dung
trong mo phong

trong trudng hop quadrotor cit canh theo
phuong thing dimg, ddy 1a truong hop dic
trung ciia quadrotor. Cac dau vao vi tri cia
quadrotor theo phuong X, Y va Z dugc dat
tai cac gid tri: Xd =0.15,Yd=0.1,Zd = 1.
Trong truong hgp nay quadrotor thyc hién
cat canh theo phuong thang dimg tir toa do
X=0,Y=0,Z=0) tdi toa do dat (X =
0.15,Y=0.1,Z=1).

Két qua md phong dic tinh cia vi tri

Tham s Gia tri Pon vi ,
X, V, z, cac goc quay ¢, 0, v va van toc goc
K, 0,000013328 | Kgm Y gbc quay ¢, 6,y va van toc g
; cua Quadrotor UAV dugc thé hién trong
Ky 0,0000013858 | Kg.m cac hinh v sau day:
Position XYZ
1 | —
/ == == X desired
X
08— 111 | sssssnas Y desired
/ v
w— == 7 desired
0.6 / z ]
0.4 /
0.2
...... ;i
0
0 1 2 3 4 6 7 8 9 10
Time

Hinh 5: Dé thi ddp iing bay theo vitritoa dé X, Y, Z
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Response Roll, Pitch, Yaw
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Hinh 6: Dé thi ddp iing UAV theo cdc géc
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Hinh 7: D4 thi ddp iing UAV theo vdn téc goc

Két qua mé phong hoat dong ciia UAV
thuc hién theo phuong thing dung va bay
dén vi tri. Tt hinh 5 khi quadrotor thuc
hién cit canh cho thiy quadrotor di chuyén
dong thang dung tir toa d6 (X =0,Y=0, Z
=0) toi toa do dat (X=0.15,Y=0.1,Z=1)
va bay 6n dinh tai 46 cao nay. Do chinh xac
trong diéu khién vi tri tbt, sai s vi tri bﬁng
0. Pép tmg vén toc dai nhanh chéng hoi tu
vé 0 khi dén trang thai xac 1ap. Phan tng
clia cac goc va van tde goc gid tri = 0 khong
thay doi ding véi chuyén dong quadrotor
1én thang.
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5. Két luan

Bai bao dé xay dung thanh cong bo diéu
khién PID ap dung trong ché do bay theo
phuong thang dtng va 6n dinh do cao. Viée
ap dung bo diéu khién PID véi 2 vong diéu
khién vi tri va goc quay cho phép UAV hoat
d6ng linh hoat v&i d6 chinh xac cao. Két qua
md phong cho bo didu khién PID duoc thuc
hi¢n thanh cong trén matlab simulink. Tur
két qua md phong ta thiy rang bo diéu khién
dugc dé xuét trong bai bao ndy hoan toan
c¢6 thé ap dung cho UAV véi cic quy dao
chuyén dong phirc tap mét cach chinh xac.
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